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1 | INTRODUCTION

Since the introduction of coronary angioplasty, percutaneous coro-

The efficacy of second-generation drug-eluting stents (DES; eg, everolimus and zotarolimus)
compared with bare-metal stents (BMS) in patients undergoing percutaneous coronary inter-
vention was challenged recently by new evidence from large clinical trials. Thus, we aimed to
conduct an updated systematic review and meta-analysis of randomized clinical trials (RCTs)
evaluating the efficacy and safety of second-generation DES compared with BMS. Electronic
databases were systematically searched for all RCTs comparing second-generation DES with
BMS and reporting clinical outcomes. The primary efficacy outcome was major adverse cardiac
events (MACE); the primary safety outcome was definite stent thrombosis. The DerSimonian
and Laird method was used for estimation of summary risk ratios (RR). A total of 9 trials involv-
ing 17 682 patients were included in the final analysis. Compared with BMS, second-generation
DES were associated with decreased incidence of MACE (RR: 0.78, 95% confidence interval
[Cl]: 0.69-0.88), driven by the decreased incidence of myocardial infarction (MI) (RR: 0.67, 95%
Cl: 0.48-0.95), target-lesion revascularization (RR: 0.47, 95% Cl: 0.42-0.53), definite stent
thrombosis (RR: 0.57, 95% Cl: 0.41-0.78), and definite/probable stent thrombosis (RR: 0.54,
95% Cl: 0.38-0.80). The incidence of all-cause mortality was similar between groups (RR: 0.94,
95% Cl: 0.79-1.10). Meta-regression showed lower incidences of Ml with DES implantation in
elderly and diabetic patients (P = 0.026 and P < 0.0001, respectively). Compared with BMS,
second-generation DES appear to be associated with a lower incidence of MACE, mainly driven
by lower rates of target-lesion revascularization, MI, and stent thrombosis. However, all-cause

mortality appears similar between groups.
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as restenosis after PCL.! However, first-generation DES were also
associated with increased risk of late stent thrombosis and death,

especially with discontinuing dual antiplatelet therapy (DAPT)

nary intervention (PCIl) has advanced rapidly from plain-old balloon
angioplasty to first- and then second-generation drug-eluting stents
(DES). Compared with bare-metal stents (BMS), DES were developed

to decrease the rate of clinically significant stent complications such

early.2™* Second-generation DES aimed to improve the DES safety
profile. Meta-analyses thus far have been limited in patient numbers
and/or duration of follow-up when comparing second-generation

DES with BMS.>"7 The recently published Norwegian Coronary Stent
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(NORSTENT) trial was a randomized controlled trial (RCT) that
included >9000 patients and adds significant new data for analysis.
This trial suggested that there was no difference in the risk of death
and MI between second-generation DES and BMS. However, some
authors had argued that the NORSTENT trial was underpowered to
detect a difference between devices.® Thus, we aimed to further
evaluate the safety and efficacy of second-generation DES via com-

prehensive meta-analysis.

2 | METHODS

21 |

A detailed search of electronic databases, including MEDLINE, Web

of Science, and Cochrane Central Register of Controlled Trials, was

Data sources and study selection

conducted from inception until March 2017 for all RCTs comparing
second-generation DES (eg, zotarolimus or everolimus DES) with
BMS, without language restrictions. The following keywords were

n o«

used: “everolimus,” “zotarolimus,” “bare metal,” and “stent.” The
search was restricted to RCTs on humans. The references of the
included trials were also screened for trials not included by the search
strategy. The current meta-analysis was conducted in concurrence
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.9 We excluded trials comparing
biodegradable-polymer DES with BMS, given the different duration
of DAPT recommended for these stents and different patient popula-
tion (ie, patients with higher risk of bleeding) that could affect the
outcomes assessed in our study.

2.2 | Data extraction

Two independent reviewers (NS and AYE) extracted the data regard-
ing each study's baseline characteristics and patient characteristics,
quality of the included studies, and all outcomes of interest. Two dif-
ferent authors (ANM and IYE) crosschecked the collected data to
ensure its accuracy. All outcomes events were tabulated, preferably

by the longest follow-up duration.

2.3 | Outcomes and definitions

The primary efficacy outcome of interest was major adverse cardiac
events (MACE) as defined by each study. The primary device safety
outcome was stent thrombosis (definite and definite/probable). Sec-
ondary outcomes were all-cause mortality, myocardial infarction (Ml;
defined as any M), and target-lesion revascularization (TLR). We col-
lected target-vessel Ml whenever reported. (See Supporting Informa-
tion, Table 1, in the online version of this article for the definitions of
MACE as reported in the individual studies.)

2.4 | Quality assessment

Quality assessment was established on both the study level, using
the Cochrane risk of bias tool,*® and individual outcome level, using

the Grading of Recommendations, Assessment, Development and

Evaluation (GRADE) tool.}* Both tools were used in prior similar pub-

lications and have been explained in further detail previously.?

2.5 | Statistical analysis

All descriptive analyses were conducted using weighted frequencies
for the categorical variables and weighted means and SDs for contin-
uous ones. Random-effects weighted incidences were calculated for
all outcomes of interest using Stata software (Metaprop), and all sta-
tistical analysis was performed using Stata software, version 14 (Stata-
Corp LP, College Station, TX). Summary random-effects risk ratios
(RR) with 95% confidence intervals (Cl) were calculated for all out-
comes of interest using the DerSimonian and Laird model.*® The 2
statistic was used for evaluation of in-between studies heterogeneity
with values of 0% to 30%, >30% to 60%, and >60% corresponding to
low, moderate, and high degrees of heterogeneity, respectively.*
Publication bias was assessed using the Egger method, with a P value
<0.05 corresponding to positive evidence of publication bias.*’
Further sensitivity and meta-regression analyses were conducted
for further exploration of the reasons for heterogeneity in the out-
comes with moderate to high degree of heterogeneity. These ana-
lyses were conducted according to the percentage of left anterior
descending (LAD) artery involvement, percentage of patients with
diabetes mellitus (DM), and the mean age of the patients included in
each study. A sensitivity analysis was conducted after exclusion of
trials with different definitions of MACE and trials with different
durations of DAPT in both arms. Finally, subgroup analysis according
to the stent type was performed for both primary safety and efficacy
outcomes. A 2-sided P value of <0.05 and Cl of 95% was considered

statistically significant.

3 | RESULTS

3.1 | Studies included and patients' characteristics

The initial search resulted in 262 records, out of which 249 were
excluded after reviewing the titles and abstracts. Fourteen studies
were reviewed in detail, 214728 resulting in exclusion of 4 studies for
reporting short-term outcomes of the same trials and 1 trial evaluat-
ing a biodegradable-polymer everolimus DES.2°"28 Thus, a total of
9 trials involving 17 682 patients were included in the current analy-
sis (Figure 1)816-24 A|l included trials were multicenter. Cobalt
chromium-based everolimus DES (Promus, Boston Scientific, Natick,
MA; and Xience, Abbott Vascular, Santa Clara, CA) were used pre-
dominantly in most trials, except for 1 trial*® that had 50% cobalt
chromium-based everolimus DES and 50% cobalt-based phosphoryl-
choline zotarolimus DES (Endeavor; Medtronic, Minneapolis, MN)
and another 2 trials that had 100% Endeavor DES implanted.'”-??
The primary outcome of MACE was defined as the composite of
death, MI, or TVR, except for the NORSTENT trial® (defined as death
or M), the Xience or Vision Stents for the Management of Angina in
the Elderly (XIMA) trial*® (defined as death, MI, stroke, TVR, or major
bleeding), and the Everolimus-Eluting Stent vs Bare-Metal Stent in
ST-Segment Elevation Myocardial Infarction (EXAMINATION) trial?°
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Database search using the keywords:

“Everolimus", “Zotarolimus”, “bare
metal”, “stent” limited to randomized
clinical trials involving second 2
generation drug-eluting stents (n=262)

NowunbsEWw

Records excluded based on title/abstract: (n=248)

1.  Non-human study (n=14)

Different generation stent or alternative topic of
interest (n=161)

Review/Editorial/Meta-analysis (n=55)
Observational/Post-hoc (n=13)

Single armed study (n=1)

Study design (n=3)

Duplicate study (n=1)

I Screening | | Identification |

Relevant records retrieved for detailed
assessment (n=14)

Records excluded after full article review: (n=5)
1.  Shorter duration of outcome in same trial (n=4)
2. Biodegradable polymer EES (n=1)

Final articles
(n=9)

©
[
©
]
Q
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(defined as death, MI, and any revascularization). All trials reported
Ml as any infarction (ie, periprocedural or spontaneous) except
NORSTENT,® which reported spontaneous and periprocedural Ml
separately. We opted to use all Ml events for the NORSTENT trial
(both periprocedural and spontaneous) for the definition of Ml to be
homogenous between all studies when calculating the MI outcome
summary effect size. The mean follow-up completion for all trials was
good, with overall follow-up completion of 98.5%. Most of the
patients were males (weighted average, 75%) with a weighted mean
age of 65.3 years (SE, 0.04). The recommended duration of DAPT
varied between trials (1-12 months); this was the same in both DES
and BMS groups, except in the XIMA trial, which recommended
1 month of DAPT for patients receiving BMS and 12 months for
patients receiving DES.'® The patients' compliance on DAPT was only

17-21 3nd it was also similar between both groups

reported in 5 trials,
in the reported trials (see Supporting Information, Table 2, in the
online version of this article). Table 1 illustrates the studies and
patients' characteristics of the included trials, and Table 2 illustrates

the patients' demographics of the included trials.

3.2 | Studies and outcomes quality assessment

At the studies level, most trials had low evidence of bias by the
Cochrane tool (see Supporting Information, Figure 1, in the online
version of this article). Also, the level of evidence was strong for both
primary outcomes assessed by the GRADE tool (see Supporting Infor-
mation, Table 3, in the online version of this article).

3.3 | Primary efficacy outcome (MACE)

All trials reported the primary outcome of MACE. At a mean follow-

up of 45.7 months, DES was associated with lower incidence of

FIGURE 1 Search strategy and selection
criteria (PRISMA) figure. Abbreviations:
EES, everolimus-eluting stent; PRISMA,
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

MACE compared with BMS (17.3%, 95% Cl: 13.7%-20.8% vs 22.3%,
95% Cl: 18.6-26.2%; RR: 0.78, 95% Cl: 0.69-0.88, P < 0.0001,
I? = 66%; Figure 2). Such high degree of heterogeneity was not evi-
dent after exclusion of trials with different MACE definitions®*82°
(RR: 0.72, 95% Cl: 0.64-0.81, P < 0.0001, |2 = 23%; see Supporting
Information, Figure 2, in the online version of this article). Sensitivity
analysis after exclusion of the trial with different DAPT duration in
both arms'® showed similar results (RR: 0.78, 95% Cl: 0.68-0.89,
I? = 69%, P < 0.0001). Meta-regression analyses failed to show any
effect modification by age, percentage of LAD involvement, and per-
centage of patients with DM in the DES arm (see Supporting Infor-
mation, Figures 3-5, in the online version of this article). Subgroup
analysis by DES stent type showed similar results in both everolimus-
eluting stents and zotarolimus-eluting stents (see Supporting Informa-
tion, Figure 6, in the online version of this article). There was no
evidence of publication bias by the Egger test (P = 0.11; see Support-
ing Information, Figure 7, in the online version of this article).

3.4 | Primary device safety outcome (stent
thrombosis)

All trials except 2 reported the outcome of definite stent thrombo-
sis.t®1? At a mean follow-up of 47.3 months, DES was associated
with lower incidence of definite stent thrombosis compared with
BMS (0.7%, 95% Cl: 0.4%-1.0% vs 1.5%, 95% Cl: 1.0%-2.1%; RR:
0.57, 95% Cl: 0.41-0.78, P < 0.0001, I? = 0%; Figure 2). Subgroup
analysis by DES stent type showed similar results (see Supporting
Information, Figure 8, in the online version of this article). The inci-
dence of definite/probable stent thrombosis was lower with DES as
well (RR: 0.54, 95% Cl: 0.38-0.80, P = 0.02, I? = 0%:; see Supporting

Information, Figure 9, in the online version of this article). There was
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Events, Events, %
Study year RR (95% Cl) DES BMS Weight
Major adverse cardiac events
NORSTENT 2016 5o 0.96 (0.87, 1.05)751/4504 785/4509 18.05
Remkes et al 2016 - 0.92 (0.68, 1.24)59/234 66/240 9.29
ZEUS 2015 =5 0.79 (0.65, 0.96) 140/802 178/804 13.31
XIMA 2014 - 0.76 (0.56, 1.05)57/399 75/401 8.84
PRODIGY 2014 = 0.73 (0.62, 0.87)235/1001 161/502 14.63
EXAMINATION 2016 = 0.82 (0.69, 0.99) 159/751 192/747 13.96
BASKET-PROVE 2010 - 0.59 (0.43, 0.80)59/774 99/765 9.12
ENDEAVOR Il 2010 = 0.62 (0.49, 0.79)89/597 143/596 11.58
SPIRIT First 2010 — 0.61 (0.20, 1.86)4/27 7129 1.20

Subtotal (l-squared = 65.5%, p=0.003) ¢

Definite stent thrombaosis

0.78 (0.68, 0.88) 1553/9089 1706/8593

100.00

NORSTENT 2016 | 0.64 (0.41, 1.00)32/4504  50/4509  51.15
Remkes et al 2016 —— 0.44 (0.12, 1.68) 3/234 7/240 5.56
ZEUS 2015 — ] 0.45 (0.19, 1.02)8/802 18/804 14.59
EXAMINATION 2016 — 0.66 (0.32, 1.37)12/751 18/747 19.08
BASKET-PROVE 2010 — 0.33 (0.07, 1.63)2/774 6/765 3.91
ENDEAVOR Il 2010 — 0.37 (0.10, 1.40)3/597 8/596 5.71
SPIRIT First 2010 (Excluded) 0/27 0/29 0.00

Subtotal (I-squared = 0.0%, p = 0.881) <> 0.57 (0.41,0.78)60/7689  107/7690 100.00

NOTE: Weights are from random effects analy]sis

T T T
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<-- Less outcome with DES More outcome with DES -->

FIGURE 2 Summary risk ratio of MACE and definite stent thrombosis. The relative size of the data markers indicates the weight of the sample
size from each study. P value represents y? test of heterogeneity. Abbreviations: BASKET-PROVE, Basel Stent Kosten Effektivitats Trial-
Prospective Validation Examination; BMS, bare-metal stents; Cl, confidence interval; DES, drug-eluting stents; ENDEAVOR I, Medtronic
Endeavor Drug-Eluting Coronary Stent System in Coronary Artery Lesions; EXAMINATION, Everolimus-Eluting Stents vs Bare-Metal Stents in
ST-Segment Elevation Myocardial Infarction; MACE, major adverse cardiac events; NORSTENT, Norwegian Coronary Stent trial; PRODIGY,
Prolonging Dual Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia Study; RR, risk ratio; SPIRIT FIRST, prospective, single-
blind, randomized, multicenter trial comparing outcomes in patients treated with Xience V/Promus vs BMS; XIMA, Xience or Vision Stents for
the Management of Angina in the Elderly; ZEUS, Zotarolimus-Eluting vs Bare-Metal Stents in Uncertain Drug-Eluting Stent Candidates

Events, Events, %
Study year RR (95% ClI) DES BMS Weight
Myocardial infarction |
NORSTENT 2016 b 0.89 (0.80, 0.99) 567/4504 638/4509 24.32
ZEUS 2015 - 0.35(0.22, 0.56) 23/802 65/804 17.13
XIMA 2014 - 0.49(0.28,0.86) 17/399  35/401 14.97
EXAMINATION 2016 N 0.91(0.51,1.63) 21/7561  23/747 14.55
BASKET-PROVE 2010 —-*-|— 0.64 (0.32, 1.28) 13/774 20/765 12.45
ENDEAVOR Il 2010 . 0.78 (0.45, 1.36) 22/597 28/596 15.31
SPIRIT First 2010 ——— 5.36 (0.27, 106.78) 2/27 0/29 1.26
Subtotal (l-squared = 70.2%, p = 0.003) 0.67 (0.48, 0.95) 665/7854 809/7851 100.00
Target lesion revascularization
NORSTENT 2016 = 0.49 (0.41,0.57) 205/4504 421/4509 53.59
ZEUS 2015 L3 0.50(0.35,0.72) 42/802 84/804 10.98
PRODIGY 2014 B 0.37 (0.28, 0.51) 64/1001 86/502  15.04
EXAMINATION 2016 - 0.59(0.39, 0.90) 32/751 54/747 7.75
ENDEAVOR Il 2010 = 0.45(0.32, 0.64) 43/597 95/596  11.99
SPIRIT First 2010 —_— 0.31(0.07,1.35) 2/27 7/29 0.64
Subtotal (I-squared = 0.0%, p = 0.553) ¢ 0.47 (0.42,0.53) 388/7682 747/7187 100.00
All-cause mortality
NORSTENT 2016 = 1.10(0.94, 1.28) 331/4504 302/4509 32.86
ZEUS 2015 || 0.97 (0.74,1.28) 89/802 92/804  20.05
XIMA 2014 - 1.18(0.73,1.90) 34/399 29/401 9.48
EXAMINATION 2016 0.73 (0.54, 1.00) 65/7561 88/747 17.79
BASKET-PROVE 2010 0.73 (0.44,1.21) 25/774  34/765 8.57
ENDEAVOR Il 2010 - 0.82(0.53, 1.25) 36/597  44/596 11.25
Subtotal (I-squared = 39.3%, p = 0.144) 0.94 (0.79, 1.10)  580/7827 589/7822 100.00

NOTE: Weights are from random effects an

lysis

S B 2N

<-- Less outcome with DES More outcome with DES -->

FIGURE 3 Summary risk ratios of MI, TLR, and all-cause mortality (secondary efficacy outcomes). The relative size of the data markers indicates the
weight of the sample size from each study. P value represents y? test of heterogeneity. Abbreviations: BASKET-PROVE, Basel Stent Kosten
Effektivitats Trial-Prospective Validation Examination; BMS, bare-metal stents; Cl, confidence interval; DES, drug-eluting stents; ENDEAVOR |I,
Medtronic Endeavor Drug-Eluting Coronary Stent System in Coronary Artery Lesions; EXAMINATION, Everolimus-Eluting Stents vs Bare-Metal
Stents in ST-Segment Elevation Myocardial Infarction; MI, myocardial infarction; NORSTENT, Norwegian Coronary Stent trial; PRODIGY, Prolonging
Dual Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia Study; RR, risk ratio; SPIRIT FIRST, prospective, single-blind, randomized,
multicenter trial comparing outcomes in patients treated with Xience V/Promus vs BMS; TLR, target-lesion revascularization; XIMA, Xience or Vision
Stents for the Management of Angina in the Elderly; ZEUS, Zotarolimus-Eluting vs Bare-Metal Stents in Uncertain Drug-Eluting Stent Candidates



MAHMOUD ET AL

WILEY 137

have thinner struts and thinner, more biocompatible polymers, which
helped improve the device safety endpoints of stent thrombosis and
restenosis.2® Optical coherence tomography studies have demonstrated
that after primary PCl for ST-segment elevation M, the rate of uncov-
ered struts and stent malapposition was higher for first-generation DES
compared with BMS,®® and similar for second-generation DES and
BMS3* This can explain the improved stent thrombogenicity of
second-generation DES compared with first-generation DES.

To our knowledge, this meta-analysis is the first to demonstrate
a lower incidence of Ml with second-generation DES compared with
BMS in older patients and those with LAD lesions undergoing PCI.
This is consistent with prior evidence from subgroup analyses of
RCTs and registry databases that showed improved outcomes with
DES in elderly patients®>~37 and patients with DM.3®

At present, >70% of patients undergoing PCl receive a DES.* A
DAPT of 4 weeks is generally recommended for BMS, compared with
6 to 12 months for DES*?; hence, BMS are classically the stents of
choice for patients at high risk of bleeding or those unable to adhere
to DAPT*! to avoid stent thrombosis. The current analysis shows that
both device safety and patient clinical outcomes are improved by
second-generation DES compared with BMS and therefore should be
considered more strongly during PCI. It also raises a question regard-
ing the feasibility of shorter DAPT duration with the newer second-
generation DES. A recent study!” demonstrated that a truncated
course of DAPT—as short as 30 days—resulted in superior outcomes
with second-generation DES compared with BMS with a reduction in
MI, TVR, and stent thrombosis. This suggests that even in patients
with concerns regarding adherence to DAPT or those with bleeding
concerns, second-generation DES can be considered over BMS.
There are also disparities regarding the use of DES based on race,
ethnicity, and insurance status.3”#? This disparity in the use of DES
could be partially related to a lack of provider awareness regarding
the increased safety of second-generation DES over BMS, in addition
to residual concerns regarding the safety of first-generation DES.*3

4.1 | Study limitations

There are certain limitations with our analysis. First, the definition of
MACE was different in different studies; thus, we conducted a sensi-
tivity analysis after excluding trials with different definitions to
decrease the heterogeneity between the studies. Second, we could
not assess if there was a difference in outcomes related to acute cor-
onary syndrome or non-acute coronary syndrome indications for PCI,
as this was not indicated in most of the included studies. Third, the
differential duration of DAPT between DES and BMS was reported in
only 4 of 9 included trials, which could confound outcomes. Finally,
as the data were analyzed at trial levels, it was not possible to assess

if all the baseline characteristics were balanced among the groups.

5 | CONCLUSION

Compared with BMS, second-generation DES appear to have a better
safety and efficacy profile with lower incidence of MACE, MI, TLR,
and stent thrombosis.
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